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Summary.-Normal rat liver cell lines treated with the chemical carcinogen
N-methyl-N-nitrosourea (MNU) elicited antibody production (detected by membrane
immunofluorescence test in vitro) when injected into a highly inbred strain of rats
from which the liver cells were originally isolated. In contrast, the control cells
which were untreated did not evoke humoral antibodies. Antisera raised against
the MNU-treated cells reacted not only with the immunizing cells, but also with
3'-methyl-4-dimethyl aminoazobenzene and 3-methylcholanthrene-treated cells.
However, this antiserum failed to react with cells treated with either aflatoxin or
N-acetoxy-2-acetyl-aminofluorene. Embryonic antigens were found to be absent
from the normal adult liver cell line. Preliminary results indicated that none could
be detected on carcinogen-treated cells either.
RECENTLY we have reported the
establishment of cell lines from normal
adult rat liver (Jype, 1971) and have
demonstrated the occurrence of organ
specific antigens on the surface of these
cells (Jype, Baldwin and Glaves, 1972).
Morphological studies (Jype and Murphy,
unpublished observation) showed that
surface characteristics of these cells were
different from those of cells from a well
defined transplantable malignant hepa-
toma originally derived from rats of the
same strain. Further, some of the bio-
chemical properties of normal rat liver
in vivo were found to be operational in the
in vitro cultured cells (Jype and Pillinger,
in preparation). These previous experi-
ments were designed to establish a
"normal " cell system, preferably epithe-
lial as opposed to the usual fibroblast
cells, which could then be used for studies
on chemical carcinogenesis in vitro.
After the establishment ofcell cultures,
several characteristics and properties of
normal adult liver were found to persist
in these cells. These include the occur-
rence of liver specific antigens on the
cell surface and glycogen in the cyto-
plasm, and also the ability to synthesize
serum proteins (Jype et al., 1972; lype
and Pillinger, in preparation). In addi-
tion, these cell lines can be considered
as suitable material for transformation
experiments since they lack properties
generally considered to be typical of
transformed cells: " piling up " and soft
agar colony formation were never observed
throughout the period of these experi-
ments. The cells did not produce any
tumours when injected into syngeneic
rats under a number of experimental
conditions. Desmosomes were seen on
electron micrographs of monolayer cells
(Allen and Jype, unpublished observation)
and their presence can be regarded as one
of the characteristic properties of normal
epithelial cells. The cells also lack embry-
onic antigens which have been shown to
be present in the transplantable hepa-
tomata and sarcomata (Baldwin et al.,
1972a, b). The chromosome number is
near diploid; no hyperploid cells were seen.
Having established that these cells are
normal ", or as normal as can beCELL SURFACE ANTIGENIC CHANGES
expected after formiing cell lines, we
started experiments on the effects of
various chemical carcinogens upon them.
The present paper deals with antigenic
changes observed in the carcinogen-treated
cells before any definite evidence for
carcinogenesis, e.g. ttimour production,
has been established. However, in some
cases the carcinogen-treated cells acquired
the ability to form soft agar colonies.
MATERIALS AND METHODS
Control cell line and culture methods. A
cell line (RL16) derived from the liver of an
adult Wistar rat (Nottingham strain) was
used for the control cells. The cells w-ere
grown as monolayer in Ham's FIO supple-
mented with 20% foetal bovine serum
(Type, 1971). Subcultures were made once
every week using 0-0500 trypsin and plating
1P25 x 105 cells per 60 mm Falcon plastic
petri dish. The culture medium (5 ml/dish)
was renewed 24 hours after the initial plating
and then again after 3 days. The cells were
tested regularly for their ability to grow in
soft agar and also for the production of
tumours by animal injections. For soft
agar culture 0.330o agar in Ham's FIO was
used. Various cell inoculum sizes were
plated in the top agar layer and incubated
for 10 days at 37°C in humidity cabinets
with 500 carbon dioxide and 95% air as the
gas phase. Cells were injected into newborn,
weanling and adult rats at various times.
Subcutaneous, intraperitonealandintravenous
injections of cells were also given to wNhole
body irradiated rats (500 rad x-rays). Soft
agar culture and injections for tumour
production were also performed using the
malignant transplantable hepatoma D23
(Baldwin and Barker, 1967) and the various
carcinogen-treated cell lines described below.
Carcinogens. A sample of purified
X-methyl-N-nitrosourea (MNU) wNas obtained
from Dr A. W. Craig of this laboratory.
lV-acetoxy-2-acetylaminofluorene (N-acetoxy-
AAF) and 3'-methyl-4-dimethyl aminoazo-
benzene (3'-Me-DAB) were received from
Professor J. A. Miller of the University of
Wisconsin and Dr G. P. Warwick of the
Chester Beatty Research Institute, London,
respectively. 3-Methylcholanthrene (MCA)
is a commercial preparation from Sigma
Chemicals. The aflatoxin sample used in
these experiments contained mostly aflatoxin
BJ but was not chemically pure.
MNU was dissolved (1 mg/ml) in Ham's
FIO medium (without serum) previously
gassed with carbon dioxide to make it acidic
(pH 6). This freshly prepared solution was
sterilized bypassingthrough0-22 ,umMillipore
filter and diluted with ungassed Ham's FIO
to give the appropriate final concentrations
of MNU. All other carcinogens were dis-
solved in dimethyl sulphoxide (DMSO). The
final concentration of DMSO in the culture
TABLE I. Summiary of the I)erivation of Carcinogen-treated Cell Lines
Subculturc
inumber of
RL16 use(l
339
40
40
16
11
12
12
12
12
Age of cultuire
-when tuse(1
(days)
268
275
275
145
111
118
118
118
118
Carcinogen
used
MNU
MINU
MN'U
1\NU
N-acetoxy-AAF
3'Me-DAB
MCA
Aflatoxin
None
Dose
(,tg/ml)
100
100)
100
100
1
5
5
0- 5
Solvent for
carcinogen
Ham's F1O
Ham's F1O
Ham's F1O
Ham's F1O
DMSO
DMSO
DMSO
DAISO
DMSO
Caircinogen
treatment
schedule*
2
1
2
1
3
4
4
4
4
DUIration
carcinogen
treatment
2 hours
2 hours
10 hours
2 hours
2 days
6 days
6 days
6 days
6 days
* 1. One day after plating the cells were rinsed 3 times with Ham's FIO and treate(l with the carcinogen
clissolve(l in Ham's FIO without serum. After 2 hours at 37°C the carcinogen medium was removecl, the
cells rinsed and medium changed with Ham's FIO containing 20% foetal bovine serum.
2. Caicinogen treatment as above was given to cells at 5 subsequent subctultures, anct all the cells which
received 1-5 treatments were maintainedl in culture.
3. Similar to Schedule 1, except that after 2 hours in Ham's FIO containing carcinogen without serum,
foetal calf serum was addled to a final concentration of 20%, maintained for 2 days in this carcinogen con-
taining full medium, and then rinsed and medium without carcinogen added.
4. Carcinogen addecd to complete growth medium and maintaine(l for 3 (lays or more. If more than
3 days, fresh carcinogen-containing medium wNas added oIn Day 3.
In all cases after a monolayet was formed, the cells -were culturecd as (lescribedl for control cells.
9
Cell line
C3
C4
C4D
C7
C15
C16F
C17D
C18D
C16E
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TABLE II. Description of the Immunizing Cells Usedfor Raising Antisera
Details of Immunizing Cells at the Time of Immunization
Serum Immunizing Number of days after Ability to form soft
number cells Age in (lays carcinogen treatment agar colonies
32 C3 422 154 Positive
33 C3 422 154 Positive
11 C4D 334 59 Positive
12 C4D 334 59 Positive
31 C4D 419 144 Positive
24 C7 154 9 Negative
25 C7 154 9 Negative
27-29 RL16 159 Control; no treatment Negative
medium was0-5%, a concentration which was
found to be non-toxic to liver cell lines.
Cell lines usedfor immunological studies.
Information on the cell lines derived from
RL16 by various carcinogen treatments is
given in Table I.
Antisera against MNU-treated cells.-The
various cells used for immunization of
syngeneic rats were trypsinized from mono-
layer cultures and washed free of growth
medium using Hanks' balanced salt solution
without calcium and magnesium. Rats were
given 3 consecutive intraperitoneal injections
with cell suspensions (4 x 106 cells) contain-
ing an equal volume of Freund's complete
adjuvant. Seven days after the last injec-
tion sera were collected and stored at -20°C.
Details of the immunizing cells are given in
Table II.
Membrane immunoftuorescence assays.-
Immunofluorescence tests were carried out
essentially as described previously (Baldwin
et al., 1971; Jype et al., 1972). Positively
scored cells showed complete equatorial
or point staining of the cell surface, whereas
dead cells showed diffuse cytoplasmic staining
and were discounted. Fluorescence indices
(FI) were calculated from the proportions of
unstained cells in samples exposed to test
and normal control sera (Baldwin and Barker,
1967), and values of 0 30 or greater were
taken to represent a significant reaction. In
the present experiments antisera raised
against the control cells RL16 did not react
with RL16 cells. In the experiments using
various carcinogen-treated cells the anti-
RL16 serum was used as the control serum.
RESULTS AND DISCUSSION
The control RL16 cells showed a
high degree of contact inhibition of
growth and division. The saturation
density of these cells is 12 x 104 cells/cm2
ofthe growth surface. In the carcinogen-
treated cells also a monolayer was formed
at various periods of time after the treat-
ment and, once it was formed, the growth
characteristics were similar to those of
the control cells. There were no marked
morphological changes, but the nucleo-
cytoplasmic ratio was generally higher.
Forty to 50 days after MNU treatment
the dishes with C3, C4 and C4D showed
foci of highly refractile cells. These
cells produced colonies in soft agar.
Neither the solvent control of the parti-
cular experiment nor a master control
ofRL16 ofthe corresponding age produced
any soft agar colonies. However, after
62 subcultures and 434 days in culture,
one of the RL16 lines acquired the
capacity to produce soft agar colonies.
Therefore, the subsequent carcinogenesis
experiments were all started from early
sub-cultures (11-12) of RL16 stored in
liquid nitrogen.
No tumour was produced in rats
following injection with RL16 cells. Even
the soft agar colony producing MNU-
treated cells cannot be considered "malig-
nant " since so far (6 months) they have
failed to induce tumours in rats.
The results of membrane immuno-
fluorescence (MIF) tests with antisera
from rats immunized with MNU-treated
cells and target cells from cultures treated
with MNU are given in Table III. Anti-
sera (32, 33) produced by immunization
with C3 cells which had been maintained
in culture for the longest period of time
after MNUtreatment gave positive fluores-
ence indices (Fl 0-52, 0.83) with the
immunizing cells. Similarly, one of the
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TABLE III. Irnmunofiuorescence Reaction of Carcinogen-treated Cells with Antisera
Raised against MNU-treated Cells
Target cells
_ ~~~~~~~~~~~~
Serum Immunizing RL16
numbers cells control
32 C3 0 00
:33 C3 0 29
11 C4D 0 06
0 00
12 C4D 0 22
31 C4D
24 C7 009
25 C7 0 06
C16E C'3
DMSO AINU
0-83
0-52
0*13
0-68
0-02 0-48
0-42
0-02
C4 C4D C7
MNU MNU MN
023 03
- 0 40 0*4
0-2
0-84 0-92
0-63 -
0 05 0 3
0 14
C15
N-
acetoxy
U AAF
0
L7
'2 0 00
4
0-83
0-66
0 00
0 04
C16F C17D
3'-Me-DAB MCA
C18D
Afla-
toxin
0-80 0 90 0-00
0.10 0-00 0-00
0 00 0 00 0-08
antisera raised against C4D cells which
had received 5 2-hour treatments with
MNU also reacted with C4D target cells
(Fl 0 92). In these cases, both the cells
used for immunization and as targets for
MIF tests were capable of forming soft
agar colonies. The comparable controls
did not produce soft agar colonies. None
of the antisera raised against MNU cells
reacted positively with RL16, the original
cell lines from which all other lines were
derived (FL 0 00-0 29). In addition to
reacting with its own immunizing cells,
antiserum against C3 cells reacted with
C4D (Fl 0.40) and, conversely, antiserum
against C4D reacted with C3 (Fl 0-48,
0.68). It would appear therefore that
normal rat liver parenchymal cells treated
with MNU for periods as short a time as
2 hours have acquired a neo-antigen(s)
capable of eliciting humoral antibody
response in syngeneic rats. Furthermore,
it is probable that since a positive Fl
could be obtained, a large proportion of
treated cells have undergone similar
change(s) in cell surface membrane
characteristics.
Since these experiments were per-
formed with cells which had been main-
tained in cultures for up to 275 days, and
since there was a time lag between the
initiation of the carcinogen treatment and
the immunological studies, experiments
were also conducted upon MNU treated
cells (C7) which had not yet acquired the
capacity to grow in soft agar. One of
the sera raised against C7 cells was shown
to react positively (Fl 0.66) with the
immunizing cells, indicating that at this
early stage the cell membrane had under-
gone antigenic modification(s). Antisera
raised against all 3 cell lines (C3, C4D and
C7) reacted not only with the immunizing
cells but also with cells from other MNU
experiments. This cross-reactivity sug-
gests that MNU-treated cells undergo a
common antigenic change(s) which occurs
even before the capacity of treated cells
to form agar colonies is established. In
the subsequent series of MIF tests, anti-
sera raised against MNU cells were shown
to cross-react with cells treated with 2
unrelated carcinogens 3'-Me-DAB and
MCA.
Two important points arise from these
experiments. Firstly, 3 different carci-
nogens induce an apparently similar
antigenic change. Secondly, the change(s)
could be detected as early as 4 weeks after
the carcinogen treatment, at which time
no other indication of " transformation"
was observed.
In the same series ofexperiments it was
showin that no such antigens could be
detected on the surface of cells treated
with either N-acetoxy-AAF or afiatoxin.
This differential reactivity suggests that
the cross-reactivity which did occur was
not due to the presence of contaminants
such as mycoplasmas or viruses. The lack
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of detectable " MNU-induced " antigens
on both N-acetoxy-AAF and aflatoxin-
treated cells, and also on cells treated
with solvent alone, indicates that thesc
changes are not produced by nonspecific
toxic damage.
Previous reports have shown that
tumours induced in vivo by a variety of
chemical carcinogens are characterized
by individually specific cell surface neo-
antigens. These have been detected by
a number of immunological techniques,
all of which involved the induction of
in vivo immunological responses to trans-
planted tumour cells. Similarly, it has
been shown that cells malignantly trans-
formed in vitro by chemical carcinogens
are immunologically distinct (Mondal et
al., 1970; Embleton and Heidelberger,
1972). Even individual clones isolated
from the same carcinogen-treated dishes
carried different antigenic specificity.
This would suggest that the neoantigen(s)
detected in the present studies differs
from the specific antigens demonstrated
on the in vitro malignantly transformed
cells. The nature of the present test
system is such that it would be impossible
to detect such individual antigens since
tests were performed on uncloned cells
using antisera raised against uncloned
immunizing cells. Only an overall effect
can be assessed in this system.
It is possible that the present experi-
ments are detecting embryonic antigens
which have been shown to be present on
the cell surface of tumours induced by
chemicals or viruses, using similar tech-
niques (Baldwin et al., 1972a, b). These
embryonic components have been shown
to be common to tumours induced by
the same agent. However, similar experi-
ments now in progress on MNU-treated
cells indicate that such embryonic antigens
cannot be detected on these cells by MIF
tests. The general lack of MIF reactivity
to multiparous rat sera with the
carcinogen-treated cells would suggest
that the antigens detected by the same
technique using the sera raised against
MNU cells is not the same embryonic
antigen(s). There is an indication from
more sensitive microcytotoxicity tests
that these antigens may be present on the
carcinogen-treated cells. It cannot be
excluded that the antigen(s) on the MNU-
treated cells is not an embryonic compo-
nent.
A third possibility is that the neo-
antigens associated with MINU-treated
liver cells are formed following interaction
with carcinogen metabolites. This could
certainly be true in cells examined shortly
after exposure to MNU, but it is unlikely
to account for the antigens expressed
still on cells after repeated subculture in
the absence of carcinogen (e.g. C3 and C4
lines). It is interesting to note that a
common antigen has been detected on
carcinogen-induced rat bladder tumours
(Taranger et al., 1972) by microcyto-
toxicity tests although the nature of this
antigen has not been elucidated. What-
ever the specificity and nature of the
antigen(s) detected in the present studies,
it is important to emphasize that antigenic
changes would appear to occur before the
appearance of conventional criteria of
transformation. The results of this series
of experiments indicate a common change
induced by MNU, and they do not
exclude the possibility of more than one
antigenic change, some of which may not
be common to all treated cells. This
problem can be resolved only by absorp-
tion experiments which are to be under-
taken shortly.
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